In general, laboratory tests for haemostasis are ordered on the basis of bleeding symptoms and/or a positive bleeding history. In order to identify, diagnose, and treat children at risk for bleeding, including taking general clinical steps to prevent bleeding, a detailed family and individual history of bleeding type and severity is crucial, particularly when proper classification of the underlying haemostasis disorder is lacking.
The significance of compiling a standardised bleeding history by using a structured questionnaire for preoperative bleeding risk assessment in children has been well documented, but only few questionnaires have focused on the detection of haemostatic disorders in children [8] [9] [10] . Questionnaires for diagnosis of haemostatic disorders are voluminous and time-consuming and have not been introduced into clinical practice so far [11, 12] .
Severe haemophilia is typically associated with haemarthroses; muscle bleeds and intracranial bleeds are rare. By contrast, platelet defects primarily result in easy bruising, epistaxis, mucosal and oral cavity bleeding, invasive procedure-related bleeding, and menorrhagia in older girls. Clinical diagnosis is often difficult since easy bruising and epistaxis are also common in healthy children [13] . Most affected children display only few bleeding symptoms, which underlines the importance of evaluating their family history. The THROMKID Quality Project revealed that the family bleeding history was conspicuous in more than half of the children with PFD [14] .
Algorithm for Diagnosis of Inherited Haemostatic Disorders in Clinical Practice
Children with severe or prolonged bleeding and/or unexplained bleeding and/or a positive individual and/or family history of bleeding should undergo coagulation testing. The algorithm shown in figure 1 incorporates the results of the THROMKID Quality Project, in which cooperating centres reported the diagnostic approach to children with suspected inherited defects of platelet function and bleeding of unknown cause. The cooperating centres reported a similar approach irrespective of the clinical scenario, including acute bleeding and positive, individual, and family history of bleeding [15] .
Before testing platelet function, the following must be excluded: medication interfering with haemostasis such as NSAR, severe infection, immune thrombocytopenia, and defects of secondary haemostasis such as haemophilia A/B and von Willebrand disease as the most common hereditary haemorrhagic disorder. It must always be remembered that many inherited platelet disorders are associated with low platelet counts [16] . Some platelet defects are associated with wide-ranging symptom complexes that include defects of the immune system, hearing loss, albinism, impairment of renal
Introduction
Inherited platelet function defects (PFD) are a rare and heterogeneous group of disorders [1] . Bleeding symptoms differ widely. Due to the fact that the majority of affected patients present with a mild to moderate bleeding tendency, many patients are not diagnosed during childhood. However, following trauma and surgery unexpected extensive bleeding may occur. For this reason, when normal coagulation screening results are accompanied by unexplained conspicuous bleeding symptoms, testing for PFD is mandatory [2, 3] .
However, selection and performance of tests of platelet function may be difficult in children. For most tests, accurate and generalisable reference ranges for children of different age groups have not yet been determined. Poor venous access and restrictions in blood sample size, especially in younger children with suspected platelet disorders, frequently hinder a complete laboratory work-up [3] .
Testing for platelet function is performed only by a relatively small number of highly specialised laboratories, often affiliated with major hospitals and clinics. Consequently, diagnosed cases are frequently clustered around such laboratories, while elsewhere an unknown but probably relevant number of cases remain undiagnosed or incorrectly classified [4, 5] .
This article summarises current knowledge on the diagnostic approach to children with suspected inherited disorders of platelet function. Presented information includes data from the THROMKID Quality Project of the Permanent Paediatric Group of the German Thrombosis and Haemostasis Research Society (GTH). The main part of this study was a collaborative patterns-of-practice survey intended to overview diagnosis and treatment of patients with functional platelet abnormalities in Austria, Germany, and Switzerland [6, 7] .
Incidence of Inherited Thrombocytopathies
Most disorders of platelet function are described in a very small number of patients. The true incidence is still unknown [4] . Due to the mild to moderate bleeding tendency in most affected children, defects may frequently remain undiagnosed until the haemostatic system is challenged, e.g. during major surgery. The THROMKID Quality Project revealed 1.3-2.2 affected children per one million inhabitants in the German-speaking countries [7] . Only in about half (n = 122) of the 215 identified children were defects well-classified. Of these children, 39 (32%) presented with Glanzmann thrombasthenia, followed by aspirin-like defects (n = 26, 21%), platelet receptor defects (n = 20, 17%), storage pool disorders (n = 18, 15%), Bernard-Soulier syndrome (n = 10, 8%), Hermansky-Pudlak syndrome (n = 6, 5%), and MYH9-related macrothrombocytopenia syndromes (n = 3, 2%). For clinical decision-making, clinicians are well advised to rely on their clinical judgement and on a limited number of preferably simple, robust, and available tests at their centre. In many cases this line of action will at least confirm or rule out the tentative diagnosis of a PFD. However, every effort should be made to classify the specific PFD using highly specialised assays such as electron microscopy and molecular genetic methods [20, 21] . Classification of PFDs is essential for accurate counselling and treatment.
Most of the specific platelet function testing methods recently described by authors in great detail are difficult to perform, time-consuming, and need freshly drawn samples of venous blood [22] . However, the initial steps in investigating platelet function disorders -the determination of platelet count and the assessment of mean platelet size -may be performed with any commonly used automated counter. Reference ranges for platelet count and mean platelet volume in children do not differ from those for adults. Just recently, Althaus et al. [23] published a new method for diagnosing structural platelet defects such as congenital macrothrombocytopenic disorders from peripheral blood smears, which are easy to obtain even in very young children.
Light transmission aggregometry (LTA) is poorly standardised and requires relatively large volumes of freshly drawn blood, but is still considered the 'gold standard' for the evaluation of platelet function; this was confirmed by the THROM-KID Quality Project [6, 24] . Recently, the Clinical and Laboratory Standards Institute (CLSI), the Platelet Physiology Subcommittee of the SSC of the International Society on Thrombosis and Haemostasis (ISTH), and the North American Specialised Coagulation Laboratory Association (NAS-COLA) published extensive surveys and guidelines on the standardisation of LTA [25] [26] [27] . In healthy children older function, and other symptoms [4] . Application of the algorithm can support and guide clinicians in identifying and classifying the suspected haemostatic defect ( fig. 1) .
The THROMKID Quality Project, performed in coagulation laboratories in German-speaking countries, revealed that specific testing of platelet function is often preceded by screening tests for primary haemostasis, such as the in vivo bleeding time (BT), the Platelet Function Analyzer (PFA) 100 ® test, and thrombelastography. However, these tests are of limited value. The in vivo bleeding time is a time-consuming test that requires an experienced operator and patient cooperation, something often lacking in children. Studies have not clearly established the ability of BT to predict an individual's bleeding risk [17, 18] . Many centres have replaced the in vivo BT with the PFA 100 ® , but the test lacks specificity as a screening tool for platelet disorders [2, 19] . Thrombelastography has been shown to be useful as a point-of-care means of assessing perioperative coagulability as well as guiding and reducing replacement therapy for blood loss and dilutional coagulopathy. The use of this test for screening for platelet defects is also limited because of its lacking specificity.
Algorithm for Diagnosis of Inherited Platelet Function Disorders in Clinical Practice
Determination of platelet function in children does not essentially differ from that in adult patients. The limited blood volume available calls for an algorithm for choosing appropriate platelet tests ( fig. 1, table 1 ). In the case of newborns and infants without bleeding symptoms, but with a conspicuous family history, it may be preferable to start testing in possibly affected adult family members and to defer testing in the child. forming screening tests for platelet function and confirming an inherited platelet defect, these children should be referred to a nearby diagnostic centre. Because of the broad range of possible investigations often needed to evaluate mild to moderate bleeding, a rational and step-by-step approach to diagnosis may save time and resources. Such diagnostic centres in the German-speaking countries can be located on the website of the GTH (www.gth-online.org/home/paediatrische-gth/ kompetenznetz).
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than 1 year, LTA in platelet-rich plasma, impedance aggregometry (IA) in whole blood, and luminometric detection of adenosine triphosphate release from platelet-dense granules do not differ from those in adult controls, which suggests that established adult normal ranges may be used in children beyond 1 year of age (table 2, 3) [28, 29] .
Conclusion
Bleeding symptoms such as cutaneous haematoma and epistaxis are quite common in children. Evaluation of bleeding history using a standardised questionnaire and a careful, clinical examination may enable clinicians to differentiate between 'normal' and a suspected bleeding disorder. After per-
